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[57] ABSTRACT

Negative-feedback circuit for a transistor amplifier hav-
ing an output stage, an output transformer being oper-
ated by the output stage and having a center tap and
two ends, the center tap being connected to a supply
voltage source, a first output transistor connected to
one of the two ends of the transformer and a second
output transistor connected to the other end of the
transformer, each of the output transistors being driven
by a half wave of an information signal and being load
carrying during that respective half-wave only, includ-
Ing two circuits, one being connected to the first output
transistor and the other being connected to the second
output transistor for imaging the current in the output
circuit of the output transistors connected thereto, and
a circuit branch connected to the imaging circuits for
combining the currents flowing in the imaging circuits
into a full-wave voltage signal for negative-feedback.

6 Claims, 2 Drawing Figures

NEGATIVE FEEDBACK TO
AMPLIFIER INPUT



U.S. Patent Nov. 6, 1984 4,481,479

FIG T

NEGATIVE FEEDBACK TO_
AMPLIFIER INPUT

FIG 2

NEGATIVE FEEDBACK TO
AMPLIFIER INPUT



4,481,479

1

NEGATIVE-FEEDBACK CIRCUIT FOR AN,
ESPECIALLY INTEGRATED, TRANSISTOR
AMPLIFIER

The present mvention relates to a negative-feedback
circuit for an, especially integrated, transistor amplifier
having an output stage operating an output transformer
provided with a center tap, the center tap of the output
transformer being connected to a supply voltage and 10
each end of the output transformer being coupled to an
output transistor each being driven by a half-wave of an
information signal and carrying load current during the
respective half-wave only.

Heavily inductive loads such as headsets and trans- 15
formers represent considerable problems concerning
the ability of amplifiers to be negatively feed back, if the
negative-feedback signal must be taken off such an in-
ductive load. This is because considerable additional
phase shifts will result so that the phase relations, 1n 20
most cases, become very opaque, €.g. because of multi-
ple natural resonances.

This applies, in particular, to push-pull output stages
of headsets, for example. The efficiency of push-pull
output stages is much higher than that of single-ended 25
output stages. In headsets, however, the usual push-pull
output stages in the form of a pnp/npn transistor combi-
nation are out of the question bacause such circuits
require a 1.7 V minimum battery voltage.

Therefore, tapped headsets and two transistors of the 30
same conduction or conductivity type are used as out-
put stages, each being coupled to one end of the load
transformer. The information signal is processed in such
a way that each output transistor is driven by one half-
wave of the information signal, therefore carrying cur- 35
rent during one half-wave only. The full-wave signal
reappears only in the headset or in the transmitter be-
cause both branches are coupled magnetically.

In circuits of this type, constructed with discrete
circuit elements, the components have been selected, 40
measured, balanced in part, and in most cases, operated
with an internal negative-feedback by an emitter resis-
tance in the heretofore usual manner. However, this
more or less reduces the driving range of the transistor
amplifier output stage. - 45

It is accordingly an object to the invention to provide
a negative-feedback circuit for transistor amplifiers,
especially an integrated one, which overcomes the
hereinafore-mentioned disadvantages of the heretofore-
known devices of this general type, and which avoids 50
the above-mentioned reduction of the driving range of
the output stage.

With the foregoing and other ebjects in view there 1s
provided, in accordance with the invention, a negative-
feedback circuit for a transistor amplifier, especially an 55
integrated one, having an output stage, an output trans-
former being operated by the output stage and having a
center tap and two ends, the center tap being connected
to a supply voltage source, a first output transistor con-
nected to one of the two ends of the transformer and a 60
second output transistor connected to the other end of
the transformer, each of the output transistors being
driven by a half wave of an information signal and being
load carrying during that respective half-wave only,
comprising two circuits, one being connected to the 65
first output transistor and the other being connected to
the second output transistor for imaging the current in
the output circuit of the output transistors connected

2

thereto, and a circuit branch connected to the imaging
circuits for combining the currents flowing in the imag-
ing circuits into a full-wave voltage signal for negative-
feedback. |

In accordance with another feature of the invention,
the circuit branch is a voltage divider.

In accordance with a further feature of the invention,
the circuit branch is in the form of a resistor and a cur-
rent source.

In accordance with an added feature of the invention,
each of the imaging circuits is in the form of a sampling
transistor stage driven by the base-emitter voltage of the
output transistors connected thereto, and including a
current mirror connected to one of the sampling transis-
tor stages providing a sign reversal for generation of the
full-wave voltage signal.

In accordance with an additional feature of the inven-
tion, there is provided an integrated-technology semi-
conductor crystal containing the output transistors,
each of the sampling transistor stages being in the form
of a transistor being operated in a common-emitter
circuit in the crystal in immediate proximity of the out-
put transistor associated therewith.

In accordance with a concomitant feature of the in-
vention, there are. provided two resistors each being
connected in the emitter circuit of one of the sampling
transistors.

Other features Wthh are considered as characteristic
for the invention are set forth in the appended claims.

Although the invention is illustrated and described
herein as embodied in negative-feedback circuit for an,
especially integrated, transistor amplifier, it is neverthe-
less not intended to be limited to the details shown,
since various modifications and structural changes may
be made therein without departing from the spirit of the

invention and within the scope and range of equivalents
of the claims.

- BRIEF DESCRIPTION OF THE DRAWINGS

- The construction and method of operation of the
invention, however, together with additional objects
and advantages thereof will be best understood from the
fbllotving description of specific embodiments when
read in connection with the accompanying drawings, in
which:

FIG. 1 is a schematic circuit diagram of one embodi-
ment of a transistor amplifier output stage with a nega-
tive-feedback circuit according to the invention; and

FIG. 2 is a schematic circuit diagram of a modified

embodiment of a portlon of the circuit according to
FIG. 1. |

DETAILED DESCRIPTION OF THE
EMBODIMENT

Referring now to the figures of the drawing and first
particularly to FIG. 1 thereof, it is seen that an output
stage of a transistor amplifier, the preceding stages of
which may be of conventional construction and are
therefore not shown, is formed by output transistors T

~and Ts. These output transistors T1 and T> are each

coupled to one end of an inductive load L;,s which is
provided with a center tap and may be formed, for
instance, by the receiver of a headset or by a trans-
former. The output stage transistors T1 and T are each
driven at terminals 1 and 2 of the non-illustrated ampli-
fier stages, by a half-wave of an information signal. At
terminals 3 and 4, the circuit is supplied with supply
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voltage, terminal 3 carrying a positive supply voltage
and terminal 4 being at reference potential (ground).
To generate a negative-feedback signal, the base-
‘emitter voltage of the output transistors T1 and T3 is
first picked up by a sampling or current imaging transis-
tor T3 and Ty, respectively. This is based on the fact that

the base-emitter voltage of the output transistors T and
T> is a function of the output current and increases

logarithmically therewith. Therefore, information on
the output current that is actually flowing 1s available at
the base-emitter path of the output transistors without
‘having to intervene in the load circuit -or change the
impedance conditions in the load c1rcu1t such as by
emitter resistors: - |

- This pick-up or evaluation of the base emitter voltage
of the output transistors Ty and T is particularly simple
in integrated circuits. If the sampling transistors T3 and
T4 are disposed in the same semiconductor crystal in the
immediate proximity of the respective output transistor

T and Ty, respectively, according to a spacial feature of |

the invention, the sampling transistors will furnish the
‘same current as the output transistors T and T2, pro-
vided the geometry and the base-emitter voltage are the
same. With smaller sampling transistor dimensions rela-
tive to the output transmtors, the current is smaller by a
defined factor.

When the currents in the output transistors T and Tz

are sampled or picked up in the manner described
above, an exact image of the output currents, without
voltage drops at emitter resistors, can be obtained with
all distortions caused by the inductive load L;q. This
can then be utilized for a negative-feedback to improve
the lmeanty, without touching on the phase problems
due to the inductive load. |
- In a push-pull output stage of the kind described
‘herein with an inductive load Lind havmg a center tap,
it is necessary, however, to first combine the two half-
waves of the information signal into a full-wave infor-
mation signal again. The current flowing in the sam-
pling transistor T3 and imaging one half-wave is first
mirrored on the positive supply or battery voltage at
termlnal 3 in a current mirror formed by transistors Ts
- and T¢and then fed into a branch formed by a voltage
divider R and Rj, whereas the current in the transistor
T4,. formmg the other half-wave of the information
- signal, is fed dlrectly into this branch. In the branch Ri,
R these currents are combined into a full-wave voltage
signal for the negatwe-feedback This signal can be
~ taken off at a point 5§ and fed in a conventional and
therefore non-illustrated manner to the amplifier input
for negative feedback.

If the signal current formed by the information signal
increases during the first half-wave, the signal voltage
or. negative-feedback voltage at point 3 also increases,
i:e. in the positive direction at the tap of the voltage
divider R1, Rz. On the other hand, if the current in-
‘creases during the second half-wave of the information
signal in the other output stage, the voltage at the tap 5
drops in the negative direction. Consequently, a full-
wave voltage signal is formed at the point 5 on which a
dc’ voltage is superposed and drops at the voltage di-
vider as part of the battery voltage according to the
resistance ratio of the voltage divider.

' Therefore, the full-wave voltage signal, representmg
an exact copy of the output currents, can be taken off at
the point 5 for the negative-feedback of the push-pull
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amplifier without interference by a headset or transmit-
ter forming the inductive load Lijng.

To regain the full-wave voltage signal it 1s not abso-
lutely necessary to use a voltage divider according to
FIG. 1. Rather, it suffices to work with a single resistor.

Such a possibility is shown in FIG. 2, which illus-

trates a circuit component replacing the voltage divider
Ri1, Ry of FIG. 1. The dc voltage level required at a

single resistor Rjg according to FIG. 2, to ensure that
the negative half-wave of the information signal can
also be driven, is produced as a voltage drop due to a
constant current which is furnished by a constant-cur-
rent source S and supplied by the positive battery volt-
age (terminal 3 in FIG. 1). In this case, the dc voltage
level is independent of the supply voltage.

In the practical embodiment of the above-described
and illustrated circuit arrangement, emitter resistors
Rz3, Rga shown in FIG. 1 may further be be provided,
according to a further development of the invention.
This is done as compensation for the path resistances of
the output transistors T7 and T2 which produce a
slightly increased emitter voltage. These small emitter
resistors Rg3 and R4 are not absolutely required, and
are accordingly shown in broken lines.

There are claimed:

1. Negative-feedback circuit for a transistor amplifier
having an output stage, an output transformer being
operated by the output stage and having a center tap
and two ends, the center tap being connected to a sup-
ply voltage source, a first output transistor connected to
one of the two ends of the transformer and a second
output transistor connected to the other end of the
transformer, each of said output transistors being driven
by a half wave of an information signal and being load
carrying during that respective half-wave only, and
each of said output transistors having a collector-emit-
ter path and a base, comprising two imaging circuits,
one being connected to the base of the first output tran-
sistor and the other being connected to the base of the
second output transistor so that each of said imaging
circuits carries a current which is substantially the
equivalent of the current flowing in the collector-emit-
ter path of a respective one of said output transistors
connected thereto, and a circuit branch connected to
said imaging circuits for combining the current flowing
in said imaging circuits into a full-wave voltage signal
for negative-feedback.

2. Circuit according to claim 1, wherein said circuit
branch is a voltage divider.

3. Circuit according to claim 1, wherein said circuit
branch is in the form of a resistor and a current source.

4. Circuit according to claim 1, wherein each of said
imaging circuits is in the form of a sampling transistor
stage driven by the base-emitter voltage of the output
transistors connected thereto, and including a current
mirror connected to one of said sampling transistor
stages providing sign reversal for generation of the
full-wave voltage signal.

5. Circuit according to claim 4, including an integrat-
ed-technology semiconductor crystal containing the
output transistors, each of said sampling transistor
stages being in the form of a transistor belng operated In
a common-emitter circuit in said crystal in vicinity of
the output transistor associated therewith.

6. Circuit according to claim 4, including two resis-
tors each being connected in the emitter circuit of one

of said sampling transistors.
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